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SCOPE

I U,
This document presents radar cross section curves for arious satellite payload
and tank type b)dies. The bodies under consideration are bodies of r'evolutio,. Two

classes of body shapes are considered - simple (cones, sphcres, cylinders. et .)
and complex (constructed by mating the simple shapes into various configurat ions).

The simple body-shape curves were originally obtained ,or use as input (1:,11a for a

radar cross section study program for the Ballistic Missile Early Warning System.

The original input data, consisting of 'malog re-cordings referenced to various cal-
ibration levels, were obtained through scale model measurement programs at
Radiation, Incorporated. In addition, Radiation, Incorporaut* conducted a similar
study, on different objects, for Lincoln Laboratory who offered these re.iults to

RCA in support of the BMEWS Program. These records were digitized and re-

dklced to the form given here as part of the BMEW', Program. .

The complex body shape curves were obtained under the/AF 1928)-536 contract.
,'he contribution to these ;irves by e,,ch of the simple co-m-nenWparts can be

clearly distinguished and will provide an insight into methods for extrapolating the

simple curves into c.omplex curves for realistic payloads.

REPORT PREPARED) BY:

L. H. Lenert

TECHNICALLY1 .VIEWF)D BY:

APPROVED) BY:
W. W. Weinstock

I A i)PPROV ED BY:

i vii



INTrRODUCTION

The signaturc analysis program is companion to the Spacetrack O&M satellite -aurveil-
lance capacity of the Moorestown AN/rPS-49 'racking radar facility. While the sat-
ellite surveillance mission is concerned with the trajectory identification of orbiting
bodies, the signature analysis program is devoted to the description of these orbiting
bodies. Such description consists of size and shape determinations and determinations
of the flynamic characteristics of the bodies about their centers of masis. rhe capabil-
ity for recognizing such characteristics is being refined for eventual transfer to a
Spacetrack Analysis Center at Colorado Spring~s.

In supportL of this operation, the present document is issued to provide background
information on size and shape deter minat ions. As can be noted by reference to these
data, the lobing structure of the curves for each simple geometric shapie is a distinct
mark of body shape. These simple curves catn then be uxtraixo[atedl to produce com-
plex curves for objects having a rinure complex vonfiguration. Engineering dlata is
presented which suppo-ts and guides such an extrapolation concept.

It must be pointedi out that all of the scale mocdels; used have smooth surfAces. Al-
though this does not represent the real situation where payloads and tanks contain
va. ious protrusions (fins, antenna, nozzl "-, etc. ) which will modify the actual cross
section characteristics, the basic lobing structure will maintain reasonable simiiarity
to the more-idealized curves.

Simplified Bodiy Shapes

The curves presented for simple Keometric shapes areo a plot of radar croa-s sectioti
(a), measured in decibels, veraus aspect angle (69), measured in degrees. The aspect
angle is measured from the left end (zero degrees) to the right end (ISO degrees) of
the body as shown on each set of curves and, in detail. in Figures 1-2 ant' 1-2. Since
all of the bodiies are bodies of revolution, they have axial (150-degree) sy~nnmetry.
which makes this range of aspect angle adequate. Cross section data were standard-
ized in the BINIMEW program to a conimon reference so tha, all tsi~idis could be comn-

pared directly. The reference used here is 1) (it) equals I %quare meter (dtbsn).

Polarization

Nieasuriements were made using v.-rious piolari tat ions tif the transmit and *eceivr
:antrii...s. The choice ut polarizatiuns used was mnade at the discretiun of the origina'
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sources of the data, depending on their needs. flerce. different type-s of polarization
data are presented here for the various bodies. For conveniLnce in presentation, ,
notational system, defined in rable 1-1, was divised to indicatc the transmit and re-

ceive antenna polarizations in the tables and curves to follow.

Horizontal polarization is defined as occurring when the transmitted or received elec-
tric field vector is parallel to the axis of revolutic.n of the body. Right circular polar-

ization is defined as ,'clirring when simultaneous horizontal and vertical electric fi:-Ac
vectors are transmitted or received where (1) both vectors have equal magnitudes, an
(2) the vertical field vector is lagging one-q' -ter wavelength behind the horizontal
field vector.

TABLE 1-1

POLARIZATION SYMBOLS

Symbol Transnuit Antenna Receive Antenna

1111 Horizontal Horizontal

VV Vertical Vertical

RL Right Circular LUft Circular

ltR Right Circular light Citcular

Rt45 Right Circular 450 Linear

R135 Right Circular !J5 l1ncar

rthe Curves

"The bhcty shap•s ar:e divided into the four classes indicated in Tables 1-.. 1-3. 1-4.

and 1 -5. The tables describe the types of txxdei within each class rad indicatc the

xolarizations that arc available for each body. rhe curves for payload staps (vari-

able colfigurations) of Table 1-2 are given in Section .; thc curvws for c'nical pay-

loads (flat base) of Table 1-3 are rivr.n in Sectinm 3; the curves for the- conical pay-

loads (rouncd base) idL Table 1-4 are given ir. Section 4; and the curved for the

c)lindrical tanks of Table 1-5 are gcin in Section 5.

Cumplex liudy Shapes

Appr-ndli• A presents and explain the radAr crus set tion t-urvas for Laxlplya btuy

shal' . Liainad by mating the simple tbdy shapes. The measurcmn-as ucr, made

in an anc.hoic chambr. rhe contributions to tIesa" rect-rds by each tf the simple
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component parts can clearly be distinguished. However, it should be noted that these
data are merciy representative of curve shape. Rsidual chamber errors, which do
not affect general shape, ar2 present in the absolute cross section values.

Large Cylindrical Tanks

The size of the presentations used here introduces a limitation on the visual usefulness
of the cross section curves obtained on the original BMEWS programn for large cylin-
drical tanks. This situation is demonstrated in Appendix B. The th2oret.-al relations
provided may he used instead of the visual presentations.

I



T.!ABLI 1-2

PAYLOAL) SHAPES (VARIABLE CONFIGURATION)

Description Major Dimensinns Polarizations

Cone 40' cone angle; length, 7.8 ft; HH, VV, RL, RR
base diameter, 5.66 ft.

Double Cone 400 cone angle; length, 9.15 ft; HH, VV, RL, RR
base diameter, 3.28 ft.

Spindle 40V cone angle; length, 9.15 ft; HH, VV, RL, RR
radius of curvature (6 =90'),
1. 54 ft.

Cone Cup 40' cone angle: length, 7.79 ft; HH, VV, RL, RR
radius of curvature (0 =90),
1.54 ft: radius of curvature
(0 18W0), 0.636 ft.

Double Cup Taper, 18 ; length, 6.56 ft; HH, VV, RL, RR
maximum base diameter,
3.28 ft: radius of curvaLure
(6 ý-0' and 180I), 0.636 ft.

Prolate Spheroid Major axis, 6.56 ft: minor HH, VV, RL, RRaxis, 3.28 ft. j
Ogive Major axis, 6.56 ft; minor IHH, VV, RL, RR

__ .. [.. axis, 3.28 ft . . __ ....

TABLE 1-3

CONICAL PAYLOADS (FLAT BASE)

Major Dimensions Polarizations

150 cone angle; length, 21.6 ft: base diameter, 5.66 ft. HH, VV

2100 cone angle; length, 16.1 ft; base diameter, 5.66 ft. HTI, VV

30 cone angle; length, 10.75 ft; base diameter, 5.66 ft. HH, VV

60 cone angle; length, 9.03 ft; base diameter, 7.6f it. 111H, VV

80 cone angle; length, 7.35 ft; base diameter, 13..02 t. H[t, VV-i t

1000 cone angle; length, 7.79 ft; base diameter, 18.6 ft. HH, VV

1-5
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TABLE 1-4

CONICAL PAYLOADS (ROUNDED BASE)

Major Dimensions Polarizations

30° cone angle; length, 8.01 ft; HH, VV
base diameter 4.29 ft; base-HI-, .

L radius of curvature, 8.3 ft.

400 cone angle; length, 7.79 ft; HIi, VV
base diameter, 5.66 ft; base
radius of curvature, 8.3 ft.

600 cone angle; length, 8.3 ft; HH, VY
base diameter, 7.19 ft; base
radius of curvature, 8.3 ft.

800 cone angle; length, 6.35 ft; HH, VV
baza diameter, 10.7 ft; base
radius of curvature, 8.3 ft.

60° cone angle; length, 7.79 ft; HH, VV
base diameter, 9.01 ft; base
radius of curvature, 9.01 ft.

30a cone angle; length, 9.38 ft; HH, VV
base diameter, 5.04 ft; base
radius of curvature, 9.7 ft.

TABLE 1-5

CYLINDRICAL TANKS

Major Dimensions Polarizations

Length, 10 ft; diameter, 8 ft. HH, VV, RL, RtR, P.45, R135

Length, 20 ft; diameter, 8 ft. HH, VV, RL, RR, R45, R135

Length, 30 ft; diameter, 8 ft. HH, VV, --L, RR, R45, R1311

1-6



SECTION 2

PAYLOAD SHAPES

(VARIABLE CONFIGURATION)
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CONICAL PAYLOADS
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APPENDIX A

COMPLEX MODEL CROSS SECTIONS

The following curves, repretanting the radar cross sections for various complex body
shapes, were obtained by mating the simpler shapes. These cross section curves

are for vertical transmit and receive polarization (VV) and have a reference level of
zero decibels equals one square meter (dbsm). Because these measurements were
takon in the anechoic chamber before some of the residual errors present in it were
removed, these curves should only be used for relative comparisons. As noted
earlier, examination of these curves will show the contributions by each of the
simple component parts to the whole.

The phase angle included as part of these curves is a first revolution presentation of
the absolute phase angle of the received signal. Thi phase angle, directly measur-
able only when the precision of the target range measurement is greater than the
wavelength of the transmitted signal, yields additional information useful in cross
section analysis. Since this range precision is not readily attained, the relative
phase angle between two received signals from the same target is being employed
in some of the newer manual satellite analysis work. The relative phase angle is
the difference between two absolute phase angles as measured here. More emphasis
on the information content in phase-angle data is being placed in new work, and
several advanced automatic systems employ functions of them.
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APPENDIX B

LARGE CYCLINDRICAL TANKS

As mentioned earlier, the size of the presentation used here introduces a limitation on
the visual usefulness of the cross section curves for large cylindrical tanks. An ex-
ample of this limitation is shown in Figures B-I and B-2 for a 50-foot long, 8-foot
diameter cylinder. The lobing structure at cylinder broadside, e = 90 degrees, is so
fine that the detail cannot be seen. Figure B-3 presents the detail for a much more

restricted aspect angle region (800 to 1000) for the HH pollcization case.

The data in Figure B-3 show that the classic equat'.;±. for the cross section of a cylinder
at broadside applies. This relation is given as

2 s i n ( -2 ---c o s 2

- sine ____..Xc * 2wL .. I
-- -Cos

where d is the diameter, L the length, 6 the aspect angle, and X the wavelength. This
equation is applicable only over a limited range of aspect angles, 6, near broadside
and only when (1) L is greater than d, (2) d is greater than X, and (3) the radar line of
sight and the plane of body rotation coincide. The above relation becomes more ac-
curate for larger regions of aspect angle, with increasing L/d ratio and L/X or d/X
ratio.

The null points in the cross section curve occur when

6 = COS-1(nX

where n= ± 1, ± 2, ± 3. ...... This shows that the nulls are dependent only on one
parameter of the body, its length. For the data given iJi Figure B-3, the aspect angles,
6, for the first three null pairs using the above equation yields 85. 7, 87. 2, 88. 6, 91. 4,

92. 8, and 94. 3 degrees showing good agreement between theoretical relation and
measured data. Hence, for large cylindrical tanks, it is possible to use the theo-et-
ical equation instead of depending on visual presentations that become extremely

bulky in order to show the detail.
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